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(57) ABSTRACT

A measuring apparatus for outputting a measurement signal
representing the difference between a first pressure and a
second pressure. The apparatus includes a first pressure mea-
suring transducer module for outputting a sequence of first
signals representing the first pressure; a second pressure mea-
suring transducer module for producing a sequence of second
signals representing the second pressure; an evaluation mod-
ule for ascertaining a sequence of difference values between
the two pressure values and for outputting a sequence of
fourth signals, which, in each case, represent the pressure
difference; a first cable connection between the first and sec-
ond pressure measuring transducer module; and a second
cable connection between the second pressure measuring
transducer module and the evaluation module. The modules
are separated spatially from one another. The second pressure
measuring transducer module has a mapping unit, which 1s
provided for receiving the sequences of first and second sig-
nals, and for outputting to the evaluation module via the
second cable connection a sequence of third signals, which, 1n

cach case, contain the pressure values.

8 Claims, 2 Drawing Sheets
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MEASURING APPARATUS FOR
DETERMINING A PRESSURE DIFFERENCE

TECHNICAL FIELD

The present invention relates to a measuring apparatus for
outputting a measurement signal representing the difference
between a {irst pressure of a medium at a first location and a
second pressure of a medium at a second location.

BACKGROUND DISCUSSION

These measuring devices have, to the present point 1n time,
most often been implemented 1n the form of pressure ditier-
ence measurement transmitters, which comprise a pressure
difference measuring transducer, which contains a pressure
difference measuring membrane, which 1s contactable with a
first pressure and a second pressure, wherein the first pressure
counteracts the second pressure, so that the resulting defor-
mation of the pressure difference measuring membrane 1s a
function of the difference between the first pressure and the
second pressure.

The conveying of the first pressure and of the second pres-
sure from remote locations to the pressure difference measur-
ing transducer usually occurs hydraulically, via oil-filled cap-
illary lines. Due to the installation effort associated therewith,
there have, for some time, been approaches to determine the
pressure difference, wherein the first pressure and the second
pressure are separately registered, the first pressure with a
first pressure measuring transducer and the second pressure
with a second pressure measuring transducer, and the pres-
sure difference 1s determined based on the signals of the first
and second transducers.

This principle 1s explained, for example, 1n “Hydrostatic
Tank Gauging—technology whose time has come™ (1990,
ISA Services, Inc.).

For example, i 1992, Endress+Hauser offered and
described a modular measuring apparatus for fill level mea-
surement, “Liquid level transmitter Model DB40RL Sanitary
Sensor deltapilot”. Such apparatus includes two pressure
measuring transducers, whose PFM signals are transmitted to
an evaluation unit, wherein the evaluation unit digitizes the
PFM signals and, based on the digitized PFM signals, calcu-
lates the pressure difference.

U.S. Pat. No. 5,227,782 discloses a so-called Hydraulic
Interface Unit (HIU) for performing bidirectional, digital
communication with a plurality of pressure measurement
transmitters, wherein the communication signals are super-
imposed on the energy supply signal.

U.S. Pat. No. 5,870,695 discloses another pressure differ-
ence measuring arrangement with remote sensor units, whose
signals are transmitted electrically.

On the one hand, a measuring arrangement with a remote
evaluation module 1s present, which 1s connected with two
pressure measuring transducer modules, 1n each case via a
cable. This leads to a large cabling effort 1f the evaluation
module 1s positioned a large distance from the pressure mea-
suring transducer modules. Moreover, due to disturbance
resistance, it can be required that the two interfaces of the
evaluation module with to the pressure measuring transducer
modules be equipped with disturbance removal measures,
since, otherwise, especially 1n the case of hardwired distur-
bances, malfunctions can occur. A reason for this 1s, for
example, that a typical 4 . . . 20 mA device possesses an
electrical current control OP, which controls the electrical
current through a shunt resistor. If the capacitance between
the housing potential and circuit ground 1s too high, 1n the
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case of line-coupled disturbances, an error current flows
through this shunt resistor. This, 1n turn, has the result that the

clectrical current control no longer functions faultlessly.

In other measuring arrangements, a so-called slave mea-
surement transmitter 1s connected with a master measurement
transmitter, wherein the slave transmitter provides to the mas-
ter measurement transmitter a first pressure measurement
value, and the master measurement transmitter itself ascer-
tains a second pressure measurement value and contains an
evaluation unit to calculate the pressure difference. This solu-
tion has the disadvantage that the master measurement trans-
mitter, which usually contains servicing elements and con-
nection clamps for a supply and data line from or to the
control system, must be mounted on a process opening, for
example, at the floor of a tank 1n the so-called sump area. This
site can be diflicult to access, for example. In the case of other
measuring locations, unfavorable conditions for an operator
or for a computer can reign there, be it extreme temperatures,
media emissions, condensate, vibrations or noise. This solu-
tion 1s, consequently, not suitable for all measuring locations.

SUMMARY OF THE INVENTION

An object of the present invention 1s therefore to provide a
measuring apparatus that overcomes the disadvantages of the
state of the art.

The object 1s achieved according to the invention by the
modular measuring apparatus for outputting a measurement
signal representing the difference between a first pressure of
a medium at a first location and the second pressure of a
medium at a second location. The apparatus comprises: a first
pressure measuring transducer module for registering the first
pressure and for producing and outputting a sequence of first
signals, which, 1n each case, represent a current value of the
first pressure; a second pressure measuring transducer mod-
ule for registering the second pressure and for producing a
sequence ol second signals, which, 1n each case, represent a
current value of the second pressure; an evaluation module for
ascertaining a sequence of difference values between the first
pressure and the second pressure, and for outputting a
sequence of fourth signals, which, i each case, represent a
difference between the first pressure and the second pressure;
a first cable connection between the first pressure measuring
transducer module and the second pressure measuring trans-
ducer module; and a second cable connection between the
second pressure measuring transducer module and the mea-
surement transmitter, wherein the first pressure measuring
transducer module 1s separated spatially from the second
pressure measuring transducer module, and wherein the
evaluation module is separated spatially from both pressure
measuring transducer modules; and wherein the second pres-
sure measuring transducer module has a mapping unit, which
1s provided for receiving the sequence of first signals and the
sequence of second signals, and for producing a sequence of
third signals, which, in each case, contain information con-
cerning the first pressure and information concerning the
second pressure based on at least one first signal and at least
one second signal, and for outputting the sequence of third
signals to the evaluation module via the second cable connec-
tion.

In a further development of the invention, the first signals
can be digital signals, and/or the second signals can be digital
signals.

In a further development of the invention, the evaluation
module 1s connectable to a control system via a third cable
connection, especially a two-wire line, wherein the measure-
ment signal 1s to be output via the third cable connection,
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wherein the measuring apparatus 1s to be supplied with
energy via the third cable connection, wherein the second
pressure measuring transducer apparatus 1s to be supplied
with energy via the second cable connection, and wherein the
first pressure measuring transducer module 1s to be supplied
with energy via the first cable connection.

The third cable connection can comprise especially a 4 to
20 mA current loop.

In a further development, the first signals are transmitted
with a first transmission rate, the second signals with a second
transmission rate and the third signals with a third transmis-
sion rate, wherein the first and/or the second transmission rate
can differ from the third transmission rate

The first transmission rate can especially be greater than
the third transmission rate.

In a further development of the invention, the third signal
can contain mformation concerning the first pressure as an
average value ol two or more first signals.

In a further development of the invention, the third signal
can contain information concerning the second pressure as an
average value of two or more second signals.

The evaluation module and/or the second pressure measur-
ing transducer module can, according to an embodiment of
the imnvention, 1n each case have a galvanically 1solating inter-
face.

The galvanically isolating interfaces can especially be
inductively coupling interfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be explained 1n greater detail on the
basis of the appended drawing, the figures of which show as
follows:

FIG. 1 1s a block diagram of a first embodiment of a
measuring apparatus of the mvention; and

FI1G. 2 1s arepresentation of data flow between the modules
of the measuring apparatus.

DETAILED DISCUSSION IN CONJUNCTION
WITH THE DRAWINGS

The apparatus shown 1n FIG. 1 includes a first pressure
measuring transducer module 1 and a second pressure mea-
suring transducer module 2 as well as an evaluation module 3.

The first pressure measuring transducer module 1 contains
a lirst pressure sensor 11, which 1s contactable with a {first
media pressure pl, and which has a transducer for outputting,
a first primary signal representing the first media pressure,
wherein the transducer can be, for example, a capacitive or
(piezo-) resistive transducer. Furthermore, the pressure mea-
suring transducer module contains a first temperature sensor,
which registers a temperature of the first pressure sensor, and
outputs a temperature signal representing temperature. The
first pressure measuring transducer module furthermore con-
tains a first signal conditioning circuit 12, which conditions
the primary signal of the first pressure sensor and 1n given
cases the temperature signal first in an analog manner, and
then digitizes the two signals. The digital signals of the first
pressure and the first temperature are transmitted via a first
external cable connection 14 to a transmitting unit 23 of the
second pressure measuring transducer module 2.

The first external cable connection 14 can have, for
example, the following wires:

a direct voltage supply V+ for supplying the first pressure

measuring transducer module,

ground,
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a clock signal wire, which transmits a clock signal with a
clock frequency 11 from the second sensor module to the
first sensor module, and

a data wire, which transmits digital signals of the first
pressure and the first temperature, for example, with a
first transmission rate.

To the extent that such 1s necessary due to EMC require-
ments, 1n addition to the clock signal wire and to the data wire,
in each case, a further wire can be provided, which transmits
the corresponding signal with the opposite sign.

From the transmitting unit, the digital signals of the first
pressure and the first temperature are transmitted via a first
internal connection 25 to a mapping unit 24 in the second
pressure measuring transducer module 2.

The second pressure measuring transducer module 2 con-
tains, 1n addition to the already mentioned transmitting unit
23 and the mapping unit 24, a second pressure sensor 21,
which 1s contactable with a second media pressure p2, and
which has a transducer 22 for outputting a second primary
signal representing the first media pressure, wherein the
transducer can be, for example, a capacitive or (piezo-) resis-
tive transducer. Furthermore, the pressure measuring trans-
ducer module contains a second temperature sensor, which
registers a temperature of the second pressure sensor 21, and
outputs a second temperature signal representing the tem-
perature. The second pressure measuring transducer module
furthermore contains a second signal conditioning circuit 22,
which first conditions the second primary signal of the second
pressure sensor and in given cases the second temperature
signal 1n an analog manner, and then digitizes the two signals.
From the second signal conditioning circuit, the digital sig-
nals of the second pressure and the second temperature are
transmitted via a second internal cable connection 26 to the
mapping unit 24.

In the case of the first and second internal cable connec-
tions 25, 26, due to the short transmission path, the symme-
trizing opposite phase lines of the clock signal and the data
signal can, 1n any event, be omitted. Here, besides the energy
supply, only a data wire with the first transmission rate and a
clocking wire with the clock frequency 11 are provided 1n
cach case.

The mapping umt 24 contains a microcontroller (not
shown), which, on the one hand, provides the clock signal for
the first pressure measuring transducer module 1 and, on the
other hand, registers the incoming digital signals of the first
pressure and the first temperature as well as the second pres-
sure and the second temperature, and outputs signals, which
contain information concerning the first pressure and the
second pressure as well as the first and the second tempera-
ture, for transmission to the evaluation module 3. Transmis-
s1on to the evaluation module occurs via a second external
cable connection 28, which includes, for example, the follow-
INg WIires:

a direct voltage supply V+ for supplying the second pres-

sure measuring transducer module,

ground,

a clock signal wire, which transmits a clock signal of
frequency of { from the evaluation module to the second
sensor module, and

a data wire, which transmits the signals from the mapping
unit 24 to the evaluation module with the basic first
transmission rate or with the halved first transmission
rate.

Evaluation module 3 contains the main electronics with a

microcontroller for calculating the difference between the
first media pressure and the second media pressure, as well as
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a power supply circuit for connection to a two wire loop, on
which the calculated pressure difference 1s outputasa4 ... 20
mA-electrical current signal.

Furthermore, before calculating the difference, the micro-
controller can correct the received pressure measurement val-
ues for the first pressure and the second pressure as a function
of the associated measured values of temperature using a
compensation algorithm.

The power supply circuit provides the supply voltages for
the main electronics and for the connected modules. Further-
more, the main electronics contains a HART modem, in order,
1in given cases, to modulate, onto the electrical current signal,
digital signals, which represent one or more of the following
measured values: The first pressure, the second pressure, the
pressure difference, the first temperature and the second tem-
perature. Furthermore, control commands can be transmitted
to the evaluation module via the HART modem.

FI1G. 2 shows the processing of the incoming signals by the
mapping unit 24. The mapping unit 24 recerves via the inter-
nal combinations 25 and 26 data stream with data sets or
frames, which, 1n each case, contain a pressure signal, a
temperature signal—which 1s designated as “additional infor-
mation”—and verification data. The data sets are first sub-
jected to integrity tests 241, 242, then the temperature signals
and the pressure signals are separated, the pressure signals
243, 244 are, 1n each case, fed to a FIR filter 245, 246, which,
as a result, performs an averaging over two measured values.
The average pressure values and the temperature measured
values are packaged, by means of a merger routine 247 and a
subsequent checksum algorithm, into an output data set,
which contains verification data, a filtered first pressure sig-
nal, the temperature signals and a filtered second pressure
signal. This data set 1s output to the evaluation module via the
second external cable connection 28.

The first pressure measuring transducer module 1 can, in
given cases, be galvanically 1solated from the evaluation
module 2. Additionally, a galvanic 1solation can be provided
either between the evaluation module and the second pressure
measuring transducer module and/or between the second
pressure measuring transducer module and the first pressure
measuring transducer module.

The mvention claimed 1s:

1. A modular measuring apparatus for outputting a mea-
surement signal representing the difference between a first
pressure of a medium at a first location and a second pressure
ol a medium at a second location, comprising:

a first pressure measuring transducer module for register-
ing the first pressure and for producing and outputting a
sequence of first signals, which, in each case, represent
a current value of the first pressure;

a second pressure measuring transducer module for regis-
tering the second pressure and for producing a sequence
of second signals which, in each case, represent a current
value of the second pressure;

an evaluation module for ascertaining a sequence of differ-
ence values between the first pressure and the second
pressure, and for outputting a sequence of fourth signals,
which, in each case, represent a difference between the
first pressure and the second pressure;
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a first cable connection between said first pressure measur-
ing transducer module and said second pressure measur-
ing transducer module; and

a second cable connection between said second pressure
measuring transducer module and a measurement trans-

mitter, wherein:

said first pressure measuring transducer module 1s sepa-
rated spatially from said second pressure measuring
transducer module;

said evaluation module 1s separated spatially from both

said pressure measuring transducer modules;
said second pressure measuring transducer module has a
mapping unit, which 1s provided for receiving the
sequence of first signals and the sequence of second
signals and for producing a sequence of third signals,
which, 1n each case, contain information concerning the
first pressure and information concerning the second
pressure based on at least one first signal and at least one
second signal, and for outputting the sequence of third
signals to the evaluation module via said second cable
connection.
2. The apparatus as claimed 1n claim 1, wherein:
the first signal 1s a digital signal, and/or the second signal 1s
a digital signal.

3. The apparatus as claimed in claim 1, wherein:

said evaluation module 1s connectable via a third cable
connection, especially a two-wire line, to a control sys-
tem,;

the measurement signal 1s to be output via a third cable

connection;

the measuring apparatus 1s to be supplied with energy via

said third cable connection;

said second pressure measuring transducer apparatus 1s to

be supplied with energy via said second cable connec-
tion; and

said first pressure measuring transducer module 1s to be

supplied with energy via said first cable connection.

4. The apparatus as claimed 1n claim 1, which 1s designed
to transmait the first signals with a first transmission rate, the
second signals with a second transmission rate and the third
signals with a third transmission rate, wherein:

said first and/or said second transmission rate differs from

said third transmission rate.

5. The apparatus as claimed in claim 4, wherein:

said first transmission rate 1s greater than said third trans-

mission rate.

6. The apparatus as claimed 1n claim 1, wherein:

the third signal contains information concerning the first

pressure as an average value of two or more first signals.

7. The apparatus as claimed 1n claim 1, wherein:

the third signal contains information concerning the sec-

ond pressure as an average value of two or more second
signals.

8. The apparatus as claimed in claim 1, wherein:

said evaluation module and/or said first pressure measuring

transducer module and/or said second pressure measur-
ing transducer module have a galvanically 1solating
intertace.
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